Literary references on the quality of juice of sweet sorghum crop following chemical ripening agents spraying are rarely found up, mostly concerning to the trinexapac-ethyl. Accordingly, this article shares an unpublished content about chemically-induced physiological ripening on the sweet sorghum cv. CMSXS-646 by spraying trinexapac-ethyl before the crop flowering. A CO 2 -pressurized backpack sprayer, with flat spray nozzles, was employed to exogenously spray the plant growth inhibitor at 0.4, 0.8 and 1.6 l ha -1 on 90-days-old plants. Early after the crop harvesting, juice and lignocellulose samples were technologically assessed to total soluble solids, sucrose, purity, reducing sugars, total reducing sugars, fibers and yield of sugar. Sweet sorghum plants exposured to the trinexapacethyl at 0.4 and 0.8 l ha -1 produced juices with approximately 20.2 and 20.3 °Brix, 15.1 and 13.2% sucrose, 74.6 and 64.9% purity, as well as 107.7 and 98.2 kg t -1 sugar, respectively. Unlike, plants cultivated as control, juices with 21.0 °Brix, 16.0% sucrose, 76.9% purity and 118.0 kg t -1 sugar. Therefore, trinexapac-ethyl had suppressive effect on the quality of juice, mostly regarding to the total soluble solids and yield of sugar. Plants sprayed with trinexapac-ethyl at 1.6 l ha -1 developed the most fibrous stalks, as host-defense system response to stress induced on plant physiology. The conclusion is, therefore, that although does prejudices the quality of juice, making it unsustainable to the production of first-generation ethanol, trinexapac-ethyl as chemical ripening agent could lead the sweet sorghum cv. CMSXS-646, while lignocellulose renewable source, to the industrialization of cellulosic ethanol and bioelectricity. Keywords: plant growth regulator, plant physiology, phytorregulator, Sorghum bicolor (L.) Moench, technological quality.
Nowadays, Brazil accounts for the major world's producer of sugarcane-derived bioethanol, highlight also as reference on technology for commercially industrialization of white sugar and jaggery. Hence, sugarcane crop is currently the most relevant bioenergy whole-feedstock in the domestic sugar-energy sector. Most recently, however, sugar beet, corn, cassava and sweet sorghum crops have been largely cultivated by Brazilian's producers from Southeast, Midwest and Northeast, with intention to produce and then supply starch-rich raw materials to the production of yeasts-fermented liquid biofuels (Carpio & Souza 2017; Sasaki et al., 2017; Brinckman et al., 2018) .
The sweet sorghum crop (Sorghum bicolor L.
Moench) is best-classified by experts on botany science as higher-grass specie into the Poaceae family. Under economic perspective, it is the fifth most important cereal crop worldwide. Furthermore, it qualifies also as bioenergy whole-feedstock to the production of first-generation ethanol, cellulosic ethanol and bioelectricity cogeneration from the lignocellulose burning down into large-capacity industrial boilers, mostly due to its juice quality and productivity of biomass. Also, sweet sorghum crop can produce grains, alcoholic beverages, forage, hydrolized silage, jaggery, syrup, paper, enzymatically-fermented lactic acid and hydrated alcohol; that is, it allows multipurposes (Chohnan et al., 2011; Brett et al., 2013; Rohowsky et al., 2013; Takaki et al., 2015; Barcelos et al., 2016; Ou et al., 2016) .
The sweet sorghum crop is physiographically adapted to both tropical and subtropical climates, moderately resistant to the pests attack, drought, heat, water stress, low soil fertility and salinity, beyond to has shorter commercial cycle than sugarcane crop, ranging from 90 to 120-days. In Brazil, it has been a long time cultivated by non-capitalized farmers under marginal lands conditions, where the majoritary of the food crops can not perform very well, and most recently in sugarcane fields in renovation, as alternative to avoid mill plants standing idles over the sugarcane crop off-season (Wu et al., 2010; Viana et al., 2016; Sasaki et al., 2017; Thani et al., 2017) .
Although does not requires great changes in existing infrastructure for the commercially production of sugarcane-derived first-gneration ethanol, sweet sorghum crop has shorter useful industrial period than sugarcane crop, making planning difficult. A way to improve it, therefore, is by the use of chemical ripening agents, known also as phytorregulators or plant growth regulators; that is, naturally occurring or synthetic compounds capable to affect developmental and metabolic processes in higher-plant species. In Brazil, sulfumeturon-methyl, ethephon, paraquat, glyphosate, fluazifop-p-butyl, thidiazuron and trinexapac-ethyl, among other synthetic substances have been tested as chemical ripening agents on sugarcane fields, aiming to improve productivity and quality in both sugar and bioethanol and, mostly, save the total cost of production by allowing mechanized harvesting to be performed as earliest as possible.
Hence, literary references on the chemically-induced physiological ripening in sweet sorghum crop are rarely found up (Meschede et al., 2012; Brett et al., 2013; Rademacher, 2015; Barcelos et al., 2016) .
As articles on plant growth regulation highlight, trinexapac-ethyl spraying on sweet sorghum crop can improve the quality of juice by supressing synthesis of phytohormones closely envolved in the plant growth, such as auxins and gibberellins. As result to better partitioning photoassimilates, larger yield of sugar and productivity of biomass can be gained by producers in shorter time. On the other hand, current scientific researches emphasize trinexapacethyl at lower doses can breakdown carotenoids and chlorophylls, that is, the most relevant photosynthetic pigments to the physiological ripening in both sweet sorghum and sugarcane crops (Inoue et al., 2015; Masson et al., 2015; Lozano et al., 2018) . 
Material and Methods

Study area
The research was conducted in the experimental field of the São Paulo Agency for Research on Agribusiness Technology (APTA), located in the municipality of Andradina, São Paulo, Brazil, within the harvest season 2015/16. The regional climate qualifies as Aw, with rainy summer and dry winter, while the soil is sandy eutrophic Yellow-Red Latosol.
Plant material
The sweet sorghum cv. CMSXS-646 seeds were collected from Brazilian Agricultural Research Corporation (Eembrapa Milho e Sorgo) germoplasm collection, located in the municipality of Sete Lagoas, Minas Gerais, Brazil.
Experimental design
A experimental design in randomized blocks was performed, with four repilications for the plant growth inhibitor trinexapac-ethyl at 0.4, 0.8 and 1.6 l ha -1 . Complementarily, sweet sorghum plants treated with water were cultivated as control.
Chemical analysis of the soil, Crop sowing and Management
On middle September, 2015, soil was chemically analyzed, in order to characterize it at 0.0 to 0.4 m depth: 5.6 pH, 11.0 g dm -3 organic matter, 2.5 mg dm -3 phosphorus, 2.6 mmol c dm -3 potash, 12.5 mmol c dm -3 calcium, 7.0 mmol c dm -3 magnesium, 9.5 mg dm -3 sulphate, 19.0 mmol c dm -3 potential acidity, 0.1 mmol c dm -3 aluminum, 22.5 mmol c dm -3 sum of exchangeable cations, 41.5 mmol c dm -3 total cations exchange capacity, 54.0% saturation of exchangeable cations; 125.0 g kg -1 clay, 35.0 g kg -1 silt and 840.0 g kg -1 sand. On October, 2015, soil acidity and natural fertility were improved with 2.0 t ha -1 limestone and 0.5 t ha -1 NPK-fertilizer (04-14-08), respectively, as the recommendations of Raij et al. (1996) . On December, 2015, fifteen sweet sorghum seeds were hand sowed into five 5 m-length sowing rows, spaced at 0.5 m. On beginning January, 2016, the less vigorous 20-days-old plants were hand thinned, with intention to guarantee 100.0 mil ha -1 population density, as the recommendations of Durães (2011) . Over the experimentation, crop management was performed in agreement with literary recommendations on pests, mineral fertilizing and irrigation (Lozano et al., 2018) .
Trinexapac-ethyl spraying
On March, 2016, trinexapac-ethyl was exogenously sprayed on 90-days-old sweet sorghum plants before the flowering, with a 2 m-long CO 2pressurized backpack sprayer, with five flat spray nozzles 11002 spaced at 0.5 m, working at 40.0 PSI and 200.0 l ha -1 . The crop treatment was carried out in morning, at 27.5 ± 2.5 °C temperature and 60.5 ± 5.5% air relative humidity (Correia & Villela, 2015; Viana et al., 2016; Lozano et al., 2018) .
Crop harvesting and Assessment
On beginning April, 2016, 110-days-old sweet sorghum plants were hand harvested into three central rows into each experimental plot. After the removing leaves, sweet sorghum stalks were milled trhough hydraulic press working at 25.0 Mpa pressure. Then, juice and lignocellulose samples were technologically assessed to total soluble solids, sucrose, purity, reducing sugars, total reducing sugars, fibers and yield of sugar, as the guidelines from the Council of Sugarcane, Sugar and Ethanol Producers of the State of São Paulo (Consecana, 2006) .
Data Analysis
For the statistical analysis of the data set, the Fisher and regression tests were applied, using the software R Studio.
Results and Discussion
Total soluble solids (SST),
Sucrose (POL) and Purity
SST
As presented in Figure 1 , plants developed as control produced juices with 20.8 to 21.0 °Brix, whereas plants exposured to the trinexapac-ethyl at 0.4 and 0.8 l ha -1 , juices with the lowest SST contents, 19.9 to 20.5 °Brix and 19.8 to 20.5 °Brix, respectively.
On the other hand, plants sprayed with 1.6 l ha -1 produced juices with 20.9 °Brix. From these results, therefore, the plant growth inhibitor trinexpac-ethyl at the highest dose qualified as more efficient to induce synthesis and accumulation of total soluble solids in sweet sorghum stalks than it at lower doses.
Nevertheless, none dose tested significantly increased SST content in the sweet sorghum cv. CMSXS-646. In sugar-energy sector, POL is so many important to quality of juice as SST, since it allows accurated estimation on amount of sucrose, polysaccharide essential to yeasts-performed firstgeneration ethanol fermenting (Wu et al., 2010; Thani et al., 2017) . In Brazil, nowadays, sugarcane crops harvesting is performed when plants produce juice with more than 14.0% sucrose; otherwise, shorter useful industrial period and lower productivity of bioethanol happen (Inoue et al., 2015) . Thus, sweet sorghum cv. CMSXS-646, without presence of trinexapac-ethyl, could be useful while raw material for the production of first-generation ethanol, since it can produce juice with approximately two points of sucrose above to the critical limit required to sugarcane harvesting and milling.
Purity
Sweet sorghum plants sprayed with trinexapacethyl at 0.4, 0.8 and 1.6 l ha -1 produced juices lesser pure than plants cultivated as control, whose purity in juice ranged from 75.6 to 78.8%, approximately. Such behavior was expected, since SST and POL were also negatively influenced by the plant growth inhibitor.
Therefore, trinexapac-ethyl qualified as chemical ripening agent very prejudicial to the technological quality of juice derived from the sweet sorghum cv.
CMSXS-646.
Like this study, Viana et al. (2016) found up also non-linear effect of trinexapac-ethyl on purity in juices derived from the sweet sorghum cultivars BRS508 and BRS509, which presented 34.3% purity, in absence of the chemical ripening agent, but 33.6% purity, in presence of trinexapac-ethyl at 0.8 l ha -1 .
On the other hand, Viana et al. (2015) found up the largest purity contents in juice collected from the sweet sorghum cv. Biomatrix 535 exposured to the trinexapac-ethyl at 0.4 and 0.8 l ha -1 .
Purity is understood also as one of the most ideal to the commercially production of ethanol must present more than 70.0% purity; otherwise, they are unqualified to such purpose (Oliveira Filho et al., 2016) . Therefore, sweet sorghum cv.
CMSXS-646, without presence of trinexapac-ethyl, has great potential as bioenergy feedstock to the industrialization of biofuels, since it can produce juice with purity above to the critical limit requiried by mill plants and distilleries.
Reducing sugars (AR), Total reducing sugars (ART), Fibers and Yield of sugar AR
As presented in Figure 2 , plants treated with trinexapac-ethyl at 0.4, 0.8 and 1.6 l ha -1 produced juices with 1.1 to 1.4, 1.2 to 1.4, and 1.2 to 1.6% reducing sugars, respectively, whereas plants cultivated as control, juices with 0.9 to 1.2% reducing sugars. In fact, trinexapac-ethyl at lowest doses presented more efficient to promote synthesis of fructose and sucrose in the sweet sorghum cv.
CMSXS-646 than it at the highest dose, probably due to its synergistic relation with acid invertases.
Like this study, Kawahigashi et al. (2013) also reported negative relations between SST, POL and AR. Sucrose, glucose and fructose occur in higher levels in juices derived from sugarcane and sweet sorghum crops (Takaki et al., 2015) . In commercially production of first-generation ethanol, feedstock with AR content in excess can reduce yield and quality of biofuel, due to shorter availability of sucrose (Chohnan et al., 2011; Rohowsky et al., 2013) .
Accordingly, juice derived from the sweet sorghum cv. CMSXS-646, without presence of trinexapac-ethyl, could perform very well as bioenergy feedstock in the industrialization of anydrous alcohol, due to its lower AR content. (Takaki et al., 2015) .
ART
Fibers
Sweet sorghum plants treated with trinexapacethyl at 0.4, 0.8 and 1.6 l ha -1 produced stalks with 19.8 to 20.2, 19.8 to 20.4 and 20.8 (Kim & Day, 2011) .
In sugar-energy sector, raw material with more than 12.5% fibers qualifies as very prejudicial to the industrialization of first-generatiom ethanol (Viana et al., 2016) . However, it can be useful in bioelectricity cogeneration from the lignocellulose burning down into large-capacity industrial boilers, due to positive relation between fibers and gross calorific value.
Therefore, sweet sorghum cv. CMSXS-646 could perform very well while bionergy whole-feedstock in the production of cellulosic ethanol and bioelectricity, mostly in presence of trinexapac-ethyl at 0.8 and 1.6 l ha -1 , due to the largest glucose and fibers contents. Also, trinexapac-ethyl could be useful as chemical ripening agent in sweet sorghum crops focused to produce and supply lignocellulosic raw material to the industrialization of biomass-to-liquid biofuels (Matsuoka et al., 2014) . In absence and presence of trinexapac-ethyl at 0.2, 0.4 and 0.8 l ha -1 , sweet sorghum cultivars BRS508 and BRS509 can produce about 46.5, 28.3, 43.9 and 57.6 kg t -1 sugar, respectively, while the sweet sorghum cv. Biomatrix 535 at same conditions, 68.3, 77.7, 81.4 and 83.3 kg t -1 sugars, respectively (Viana et al., 2015 (Viana et al., , 2016 . The short communication, authored by McKinley et al. (2016) , reports saccharine sorghum species can produce 80.0 to 127.0 kg t -1 sugar, proving in addition to chemical ripening agents, genotype qualifies also as factor influencing to the yield of sugar. From these literary references, therefore, sweet sorghum cv.
Yield of sugar
CMSXS-646 has great potential as bioenergy crop to the sugar-energy sector.
Conclusion
The conclusion is, therefore, that although does prejudices the technological quality of juice, making it unsustainable to the commercially production of first-generation ethanol, trinexapac-ethyl as plant growth regulator could lead the sweet sorghum cv.
CMSXS-646, while lignocellulose renewable source, to the industrialization of cellulosic ethanol, biomassto-liquid biofuels and bioelectricity.
